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aFrom quantification by reaction with ninhydrin. 
b Calculated as a difference between AP concentration obtained from ninhydrin 










AP-MSN 0.07 ± 0.02 - 
Hex(0.5)-AP-MSN 0.07 ± 0.03 0.48 ± 0.01 
Hex(0.7)-AP-MSN 0.07 ± 0.01 0.74 ± 0.05 
Hex(0.9)-AP-MSN 0.07 ± 0.02 0.94 ± 0.01 
Hex(1.0)-AP-MSN 0.06 ± 0.01 1.02 ± 0.02 
MeOP-AP-MSN 0.05 ± 0.01     1.25 ± 0.01 








Figure S1.  Stokes shifts of Prodan in pure solvents of varying dielectric constants (𝜀 







Equation S1.  Correlation between Prodan’s Stokes shift and solvent dielectric 
constants.  
 













































Figure S2. 1H SS NMR spectrum of pre-dried Hex(1.0)-AP-MSN and then exposed to 
ambient humidity. Signals at 0.9 and 1.4 ppm are assigned to protons in hexyl group 
(black circles), aminopropyl protons on the alpha carbon can be observed at 2.3 (black 
triangle) while the other protons overlap with those of hexyl. Peaks at 4.8 and 4.0 ppm 
correspond to weakly adsorbed water and rapidly exchanging SiOH-(H2O)n species, 
respectively.1  






Figure S3. Photographs of the spent AP-MSN (left) and Hex(1.0)-AP-MSN (right) 





























Figure S4. Schiff base model of intermediate 1 obtained by reaction between p-
nitrobenzaldheyde and butylamine: a) 13C{1H} NMR spectra and b) HSQC (* excess 























Figure S5. DNP-enhanced 13C{1H} CPMAS spectra of a) AP-MSN after reaction in 1-
propanol, b) Hex(1.1)-AP-MSN after reaction with water, and c) control sample. The 
spectra were obtained using nRF(1H) = 100 kHz during short pulse and heteronuclear 1H 
decoupling (TPPM), nRF(1H) = 85 kHz during CP, nRF(13C) = 71 kHz during CP, contact 
time τCP = 0.5 ms, recycle delay τRD = 6.0 (s), number of scans = 800 (A, B), and 3200 
(C). The spectra were normalized based on the number of scans and the sample amount 
packed in the NMR rotor. The control sample was prepared as follows: the mixture 
containing non-functionalized MSN (60 mg), 1-propanol (3 mL), p-nitrobenzaldehyde (60 
mg) and acetone (3 mL) was stirred for 24 h at 60 °C, centrifuged, decanted, and washed 
with methanol. The sample was again centrifuged, decanted, and then dried for 2 h under 
vacuum. The open triangles (r) and circles (¡) represent the signals assigned to AP and 
Hex, respectively. The filled symbols represent 1-propanol (•), CTAB (p) , methoxy 








The spectra of AP-MSN and Hex(1.1)-AP-MSN showed the signals attributed to the 
functional groups. However, due to the very low loading (~0.06 mmol/g), the AP 
resonances in the AP-MSN were dominated by additional peaks representing  residual 
solvent, reactants, and products, which remained even after vacuum drying. As expected, 
in the Hex(1.1)-AP-MSN, the aliphatic spectral region was dominated by the silica-bound 
hexyl functionalities. Unfortunately, resonances representing the Schiff base products, 
which we were able to identify in the heavily AP-loaded MSNs (>1 mmol/g),1,2 could not 
be unambiguously discerned in neither sample, as they overlapped with those 
representing residual p-nitrobenzaldehyde derivatives and the spinning sidebands 
originating from the strong aliphatic peaks. This is not surprising, given that the 
concentration of Schiff base in these samples is even smaller than AP. However, in 
addition to elemental analysis, Schiff base formation was indicated by comparing the color 
of the spent catalysts (Figure S4). 
1 Kandel, K.; Althaus, S. M.; Peeraphatdit, C.; Kobayashi, T.; Trewyn, B. G.; Pruski, M.; 
Slowing, I. I., ACS Catal. 2013, 3, 265-271. 
2 Kandel, K.; Althaus, S. M.; Peeraphatdit, C.; Kobayashi, T.; Trewyn, B. G.; Pruski, M.; 






































Figure S6. Raman spectra of a) spent AP-MSN, b) spent Hex(1.0)-AP-MSN, c) Schiff 
base model of the intermediate obtained from reaction between p-nitrobenzaldehyde and 
butylamine, and d) p-nitrobenzaldehyde. The Raman peaks at ca. 1590 cm-1 and 1350 
cm-1 correspond to aromatic NO2 antisymmetric and symmetric stretching respectively.1, 
2 Y-axis is relative Raman scattering intensity (a.u.)  
1Kalaichelvan, S., N. Sundaraganesan, and B.D. Joshua, FT-IR, FT-Raman spectra and 
ab initio HF and DFT calculations of 2-nitro-and 4-nitrobenzaldehydes. 2008. 
































Figure S7. DRIFT-IR spectra in the fingerprint region of a) spent AP-MSN, b) spent 
Hex(1.0)-AP-MSN, c) Schiff base model of the intermediate obtained from reaction 
between p-nitrobenzaldehyde and butylamine, and d) p-nitrobenzaldehyde. The IR 













Equation S2.  
 




𝜀 Dielectric constant of the medium 
k Rate constant in a medium of dielectric constant 𝜀 
k0 Rate constant in a medium of dielectric constant 𝜀 =1 
K Boltzmann constant 
T Temperature 
e Charge on surface 
b Radius of molecule 
G Charge distribution parameter, proportional to the dipole moment 
(A and B correspond to two reactant dipoles and ≠ sign corresponds to the activated 
complex) 
(From: Laidler, K. J.; Landskroener, P. A., The influence of the solvent on reaction 




Figure S8. Catalyst recycling for AP-MSN in 1-propanol (red) and Hex(1.0)-AP-MSN in 
water (blue). Conditions: 60 °C, 12 h, 60 mg catalyst. Catalysts were washed with 













































Figure S9.  Kinetic plots for AP-MSN in different solvents. Reaction conditions:1.0 

































Water 65.8±1.4 0.58±0.05 95 5 
Methanol 32.6 0.43±0.02 77 23 
Ethanol 22.4 0.57±0.02 72 28 
1-Propanol 20.1 0.65±0.02 73 26 
2-Propanol 18.3 0.75±0.07 81 19 





Figure S10. 29Si DPMAS-NMR spectra of different MSN samples. The spectra were 
obtained using excitation with a single p/2 pulse of 5 µs followed by data acquisition 
under TPPM 1H decoupling, using the magnitude of the RF magnetic field nRF(1H) = 40 
kHz. 296 transients were accumulated with a recycle delay of 300 s. The resonances 
are assigned as follows: Q4 represents core sites connected to four Si neighbors via 
siloxane bridges ((ºSiO)4Si), whereas surface sites are denoted as Q3 ((ºSiO)3Si(OH)) 
and Q2 ((ºSiO)2Si(OH)2). Functionalization with R groups generates the so-called Tn 

















Figure S11. a) Nitrogen physisorption isotherms, and b) powder x-ray diffraction 
patterns of the functionalized MSN samples.   






Constant in Water (ei) 
AP-MSN 1234 2.9 186.3±0.3 74.8±0.8 
Hex(0.5)-AP-MSN    803 2.0 164.9±0.4 35.3±0.5 
Hex(0.7)-AP-MSN 1181 2.4 156.2±0.1 26.0±0.1 
Hex(0.9)-AP-MSN 1053 2.3 154.7±0.1 24.6±0.1 
Hex(1.0)-AP-MSN 1126 2.6 151.0±0.6 21.6±0.5 
     
MeOP-AP-MSN 1119 2.6 174.0±0.8 49±1 





Figure S12.  Fluorescence emission spectra of water suspensions of Prodan-loaded 
MSN samples fitted (black trace) with a Gaussian function in OriginPro. Excitation 
wavelength: 337 nm, slit widths: 5 nm each. 
 








aMéndez-Bermúdez, J. G.; Dominguez, H.; Pusztai, L.; Guba, S.; Horváth, B.; Szalai, I., 
Composition and temperature dependence of the dielectric constant of 1-propanol/water 
mixtures: Experiment and molecular dynamics simulations. J. Mol. Liq. 2016, 219, 354-
358. Reaction conditions:1.0 mol% AP, 60 °C, 8 h. 
 
Sample 𝜺i TOF (h-1) 
% Selectivity 
Aldol Enone 
AP-MSN 74.8±0.8 0.58±0.05 95 5 
Hex(0.5)-AP-MSN 35.3±0.5 1.6±0.1 96 4 
Hex(0.7)-AP-MSN 26.0±0.1 1.9±0.2 97 3 
Hex(0.9)-AP-MSN 24.6±0.1 2.4±0.1 97 3 
Hex(1.0)-AP-MSN 21.6±0.5 3.2±0.2 96 4 
MeOP-AP-MSN 48.5±1.4 1.32±0.09 91 9 
CNEt-AP-MSN 53.1±1.1 0.68±0.03 94 6 







Figure S13.  Kinetic plots for substituted AP-MSN in water. Reaction conditions:1.0 




Figure S14.  Hammett plots for the aldol reaction between p-substituted benzaldehydes 
and acetone using Hex(1.0)-AP-MSN (blue circles) and AP-MSN (red triangles) as 











































Table S5. Catalysis data for Hammett relationships studies. 





Figure S15. Kinetic plots for Hammett relationship studies. a) p-Br-, b) unsubstituted (-
H), and c) p-methyl- benzaldehyde substrates. The plots for p-nitrobenzaldehyde are 




































Substituent AP-MSN Hex(1.0)-AP-MSN TOF (h-1) %Aldol %Enone TOF (h-1) %Aldol %Enone 
-NO2a 0.58±0.05 95 5    3.2±0.2 96 4 
-Brb 0.109±0.004 78 20    0.39±0.04 86 14 
-Hc 0.025±0.004 88 12    0.077±0.009 88 12 









TOF  turnover frequency for the substituted benzaldehyde 
TOF0  turnover frequency for the unsubstituted benzaldehyde 
𝜌  reaction constant 
𝜎 substituent constant 
(From: Hammett, L. P., The Effect of Structure upon the Reactions of Organic 
Compounds. Benzene Derivatives. J. Am. Chem. Soc. 1937, 59, 96-103) 
 








T  temperature, 
d the distance from the substituent to the reacting group (carbonyl group) 
𝜀  the dielectric constant of the reaction medium 
B1,B2  constants depend on the reaction and independent of temperature and solvent 
(From: Hammett, L. P., The Effect of Structure upon the Reactions of Organic 
Compounds. Benzene Derivatives. J. Am. Chem. Soc. 1937, 59, 96-103. 
 
 












Sample Ligand Volume (µL) 
AP-MSN 3-aminopropyltrimethoxysilane 35  
Hex(0.5)-AP-MSN 3-aminopropyltrimethoxysilane 35 
 hexyltrimethoxysilane 55 
Hex(0.7)-AP-MSN 3-aminopropyltrimethoxysilane 35 
 hexyltrimethoxysilane 110 
Hex(0.9)-AP-MSN 3-aminopropyltrimethoxysilane 35 
 hexyltrimethoxysilane 170 
Hex(1.0)-AP-MSN 3-aminopropyltrimethoxysilane 35 
 hexyltrimethoxysilane 220 
MeOP-AP-MSN 3-aminopropyltrimethoxysilane 35 
 3-methoxypropyltrimethoxysilane 190 
CNEt-AP-MSN 3-aminopropyltrimethoxysilane 35 
 2-cyanoethyltriethoxysilane 154 




Spectral data of substrates and reaction products.  
1. Aldol reaction: p-Nitrobenzaldehyde (PNB) and acetone 
PNB: 1H NMR (500 MHz, CDCl3) 10.17 (s, 1H), 8.41 (d, J = 8.5 Hz, 2H), 8.09 (d, J = 8.6 
Hz, 2H); aldol product: 1H NMR (500 MHz, CDCl3) 8.23 (d, J = 8.7 Hz, 2H), 7.57 (d, J = 
8.6 Hz, 2H), 5.29 (dt, J = 7.6,3.4, Hz, 1 H), 2.87 (m, 2H), 2.25 (s, 3H); enone product: 1H 
NMR (500 MHz, CDCl3) 8.28 (d, J = 8.8 Hz, 2H), 7.72 (d, J = 9.0 Hz, 2H), 7.55 (d, J = 
16.3 Hz, 1H), 6.84 (d, J = 16.3 Hz, 1H), 2.44 (s, 3H). 
 
2. Aldol reaction: p-Bromobenzaldehyde (PBB) and acetone 
PBB: 1H NMR (500 MHz, CDCl3) 9.98 (s, 1H), 7.75 (d, J = 8.5 Hz, 2H), 7.69 (d, J = 8.5 
Hz, 2H); aldol product: 1H NMR (500 MHz, CDCl3) 7.47 (d, J = 8.4 Hz, 2H), 7.24 (d, J = 
8.3 Hz, 2H), 5.12 (dd, J = 8.7,3.6 Hz, 1 H), 2.83 (d, J = 8.7 Hz, 1H), 2.81 (d, J = 3.7 Hz, 
1H), 2.20 (s, 3H); enone product: 1H NMR (500 MHz, CDCl3) 7.53 (d, J = 8.5 Hz, 2H), 
7.44 (d, J = 16.3 Hz, 1H), 7.41 (d, J = 8.5 Hz, 2H), 6.70 (d, J = 16.3 Hz, 1H), 2.38 (s, 3H) 
 
3. Aldol reaction: Benzaldehyde and acetone 
Benzaldehyde: 1H NMR (500 MHz, CDCl3) 10.03 (s, 1H), 7.89 (d, J = 7.6 Hz, 2H), 7.64 
(t, J = 7.4 Hz, 1H), 7.54 (t, J = 7.5 Hz, 2H), GC-MS, m/z: [M]+ (106), 105 [M-H]+, 77 [M-
CHO]+, aldol product: 1H NMR (500 MHz, CDCl3) 7.64 (m, 2H), 7.38 (m, 2H), 7.32 (m, 
1H), 5.20 (dd, J = 9.3, 3.1 Hz, 1 H), 2.93 (dd, J = 17.6, 9.4 Hz, 1H), 2.86 (dd, J = 17.6, 
3.2 Hz, 1H), 2.08 (s, 3H); enone product: 1H NMR (500 MHz, CDCl3) 7.58 (dd, J = 6.7, 
3.0 Hz, 2H), 7.55 (d, J = 16.4 Hz, 1H), 7.43 (m, 3H), 6.76 (d, J = 16.3 Hz, 1H), 2.42 (s, 
3H), GC/MS, m/z: [M]+ (146), 131 [M-CH3]+, 103 [M-COCH3]+  (Quantifications were done 
with combined NMR and GC-MS data) 
 
4. Aldol reaction: p-Tolualdehyde (PT) and acetone 
PT: 1H NMR (500 MHz, CDCl3) 9.97 (s, 1H), 7.81 (d, J = 7.8 Hz, 2H), 7.33 (d, J = 7.8 Hz, 
2H), 2.44 (s,3H); GC-MS, m/z: [M]+ (120), 119 [M-H]+, 91 [M-CHO]+, aldol product: 1H 
NMR (600 MHz, CDCl3) 7.25 (d, J = 8.0 Hz, 2H), 7.17 (d, J = 7.8 Hz, 2H), 5.13 (dd, J = 
9.4, 3.1 Hz, 1 H), 2.89 (dd, J = 17.5,9.4 Hz, 1H), 2.80 (dd, J = 17.5,3.1 Hz, 1H)2.01 (s, 
3H); enone product: 1H NMR (500 MHz, CDCl3) 7.50 (d, J = 16.2 Hz, 1H), 7.45 (d, J = 8.1 
Hz, 2H), 7.21 (d, J = 7.9 Hz, 2H), 6.69 (d, J = 16.3 Hz, 1H), 2.27 (s, 3H),GC/MS, m/z: [M]+ 
(160), 145 [M-CH3]+, 117 [M-COCH3]+  
(Quantifications were done with combined NMR and GC-MS data) 
 
5. Henry reaction:  p-Nitrobenzaldehyde (PNB) and nitromethane 
PNB: 1H NMR (500 MHz, Acetone- d6)) 10.00 (s, 1H), 8.22 (d, J = 9.0 Hz, 2H), 7.99 (d, J 
= 9.0 Hz, 2H); condensation product: 1H NMR (500 MHz, Acetone-D6) 8.04 (m, 2H), 7.60 
(d, J = 9.0 Hz, 2H), 5.42 (m, 1 H), 4.68 (dd, J = 12.9,3.4 Hz, 1H), 2.47 (m, 1H); dehydration 
product: 1H NMR (500 MHz, Acetone-d6) 8.11 (d, J = 8.7 Hz, 1H), 8.03 (m, 2H), 7.92 (d, 







6. Vinylogous aldol reaction: p-Nitrobenzaldehyde (PNB) and 3-butan-2-one 
PNB: 1H NMR (500 MHz, CDCl3) 10.17 (s, 1H), 8.41 (d, J = 8.5 Hz, 2H), 8.09 (d, J = 8.6 
Hz, 2H); condensation product: 1H NMR (500 MHz, CDCl3) 8.23 (d, J=8.8 Hz, 2H), 7.59 
(d, J = 8.9 Hz, 2H), 6.06 (d, J=1.1 Hz, 1 H), 5.71 (d, J = 1.1Hz, 1H), 4.87 (s, 1H), 2.39 (s, 
3H) 
 
7. Homogeneous model of intermediate 1: (p-nitrobenzaldehyde reacted with 
butylamine, N-butyl-1-(4-nitrophenyl)methanimine) 
1H NMR (600 MHz, Methanol-d4) 8.46 (s,1H), 8.29 (d, J=8.1 Hz, 2H), 7.96 (d, J=8.1 Hz, 
2H), 3.68 (td, J=7.4 Hz, 1.49Hz, 2H), 1.72 (m, 2H), 1.43 (m, 2H), 0.95 (t, 3H). 13C NMR 




Solvent purification procedures. 
 
Commercial anhydrous 1-propanol and anhydrous 2-butanol were used without any 
further purification. Acetone, methanol, ethanol and 2-propanol were treated with CaH2 at 
room temperature overnight. Acetone (b.p. 56 °C), and methanol (b.p. 64 °C) were then 
purified using simple distillation from the CaH2-containing mixture. Ethanol (b.p. 78 °C) 
and 2-propanol (b.p. 82 °C) were purified from the CaH2-containing mixture using 
fractional distillation column. The solvents were sealed and used for reactions 
immediately after distillation. 
 
 
 
 
 
